Introduction
Oxidative stress (OS) is crucial in atherogenesis [1, 2] . Hypercholesterolemia is an atherosclerotic risk factor, and the role of OS in hypercholesterolemia on atherosclerotic formation has so far received a great deal of attention. Among the several clinically applicable biomarkers, the diacron reactive oxygen metabolite (d-ROM) test has been shown to indirectly quantify the free radical production by measuring the hydroperoxidation of organic compounds [3] [4] [5] ; hence, this test is presently used as an OS marker.
The carotid arterial intima-media thickness (IMT) is a well-recognized index for cardio-/cerebrovascular disease risks [2] . In spite of the clinically widespread usage of OS markers, few studies have examined associations between carotid IMT and OS markers [2, 6] . Positive correlations have been reported between NADPH oxidase activity and IMT in healthy persons [2] reactive oxygen species formation by mononuclear cells and IMT in hypertensives [6] . However, because there is still no currently accepted reference marker which can be used to assess OS, these markers might not necessarily show similar findings. To elucidate the roles of OS on health and diseased status, more studies are required using various markers.
Furthermore, unexpectedly, the independent association of OS markers such as d-ROMs with carotid atherosclerosis in a specifically restricted population of patients with hypercholesterolemia remains to be fully demonstrated in clinical practice. Therefore, a well-defined group of type II hypercholesterolemic patients was studied to evaluate the correlation between circulating d-ROMs and carotid IMT levels in relation to atherosclerotic risks.
Subjects and Methods
The study population (81 patients, 52 females, 22 males; average age 59.2 8 11.0 years) was diagnosed with a diagnosis of type II hypercholesterolemia using the World Health Organization criteria, a relatively common hyperlipidemic type. They were free of clinical overt cardio-/cerebrovascular diseases. No subject receiving medication for blood pressure (BP) and glucose/lipids was included. The study was approved by the Jichi Medical University Ethics Committee, and each patient gave an informed consent.
In addition to the current smoking status by self-report, the following values were determined after an overnight fast: body mass index, seated systolic/diastolic BP (SBP/DBP), blood glucose, triglycerides, low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C). The d-ROM test values were obtained using a kinetic spectrophotometric assay (FREE system; Diacron, Grosseto, Italy) [3] , with the intra-and interassay coefficients of variation being 2.1 and 3.1%, respectively. The IMT of common carotid arteries was ultrasonographically determined with a 10-MHz linear type B-mode probe (Aloka Co., Japan) in the supine position. Three measurements of IMT, bilaterally examined with longitudinal/transverse scans in plaque-free segments, were averaged: one at the thickest site and the other points 1 cm upstream and 1 cm downstream from the thickest site.
For the correlations between IMT and the other variables including d-ROMs, we used Pearson's rank coefficient test as well as a multiple regression analysis adjusted for all measured atherosclerotic risks such as age, smoking, SBP/DBP, glucose and lipid panels. Because triglycerides had a skewed distribution, the values were logarithm-transformed in analyzing. A p value ! 0.05 was considered significant.
Results
The average levels 8 standard deviation of each variable in all patients were as follows; body mass index 24. ( table 1 ) .
Discussion
This study found a significant positive relationship between the d-ROMs and carotid IMT, independent of age and LDL-C, in a population with type II hypercholesterolemia. Our study confirmed previous findings on the significant correlation between age, LDL-C and IMT, even in the present restricted study group.
The detailed mechanisms of the correlation between the ROMs and IMT are not clear; however, OS is a mediator on the initiation-to-progression of atherosclerosis with a vicious cycle [1] . Not only the presence of hypercholesterolemia-induced OS but also OS itself can enhance IMT, which in turn enhances OS. Another possi- bility is the relevance of potential lifestyle: diet might affect OS independently of LDL-C, and a lack of exercise could also increase the d-ROM levels [5] . The d-ROM test has been shown to have several advantages: this test is easy to perform, stable, sensitive, inexpensive and fully automated [3, 4] . Additionally, the d-ROM test values have been reported to correlate with the other OS markers (i.e. malondialdehyde), and a number of published studies have acknowledged the clinical implications of the d-ROMs as an OS marker [5] . However, it has been suggested that the d-ROMs may not always reflect the OS itself [7] . Further studies on the features of d-ROMs are thus necessary.
Conclusion
Collectively, the increased OS levels as assessed by the d-ROM test, independent of aging and increased LDL-C levels, may be associated with carotid atherosclerosis even in patients with hypercholesterolemia. More studies are needed to elucidate this phenomenon.
